Objective: To evaluate a food frequency questionnaire (FFQ) used to assess the dietary intake of iodine. Design: The iodine intake determined by the FFQ was compared with 4-day dietary records and with iodine excretion in 24 h urine samples in a subgroup of participants in a cross-sectional study of iodine intake and thyroid diseases in Denmark. Furthermore, the intake of ®sh determined from the FFQ was compared with the intake of ®sh from a simple record kept for 3 months. Subjects: Women aged 25 ± 30 y and 60 ± 65 y. Results: Median iodine intake was similar when determined from the FFQ and from dietary records and the correlation between these measures was 0.52 (P`0.001). Iodine intake was higher than iodine excretion (P`0.001). The cross-check questions in the FFQ (for example the question`How often did you get any kind of ®sh?') underestimated the intake. In contrast, the intake of a speci®c ®sh tended to be overestimated by the FFQ when compared with the 3 month record of ®sh intake. Conclusion: The FFQ can be used to classify subjects into low and high iodine intake groups, but the level of iodine tends to be overestimated. Sponsorship: The Danish Medical Foundation and the 1991 Pharmacy Foundation. Descriptors: iodine intake; food frequency questionnaire; dietary assessment methods; validity; biomarkers; epidemiology
Introduction
Epidemiological studies may often include more than 1000 individuals who all have to give information about diet and other factors related to lifestyle and health. Therefore, the questions asked should be simple, easy and fast to answer while still giving useful information. A food frequency questionnaire (FFQ) meets these demands. Another advantage of the FFQ over short-term dietary records is that it better re¯ects long-term dietary intake (Margetts et al, 1989 ).
An FFQ needs to be tailored to the typical food consumption of the population under study and the objective of the study. A semi-quantitative FFQ for estimating dietary intake of iodine was developed for the Danish Investigation of Iodine Intake and Thyroid Diseases. Monitoring and planning of the iodine intake of a population is important to public health, as both low and high iodine intake are associated with various thyroid diseases (Laurberg et al, 1998; Lee et al, 1999) . The questionnaire was structured in the same way as the questionnaire used in a Danish cancer study (Tjùnneland et al, 1991) but, because the objective was different, the foods included differed. The relative validity of a FFQ is usually assessed by comparing data with a reference method, often weighed dietary records, but a`truth reference' is not available. Use of biomarkers of dietary intake has become increasingly important in nutritional validation studies (Bingham, 1991; van't Veer et al, 1993) because their measurement error is independent of the errors of the dietary registration method (Mahalko et al, 1985; Willett & Lenart, 1998) . Measurement of iodine excretion in 24 h urine samples has been shown to be a good biomarker of iodine intake in a group but not in an individual (Hetzel & Dunn, 1989; Rasmussen et al, 1999) .
The objective of this study was to evaluate the FFQ by comparing the estimated iodine intake with the intake calculated from 4-day dietary records and with iodine excretion from 24 h urine samples. Furthermore, the intake of ®sh determined from the FFQ was compared with the intake of ®sh from a simple record kept for 3 months.
Subjects and methods
The Danish Investigation of Iodine Intake and Thyroid Diseases (DanThyr) included 4649 randomly selected participants who all completed a FFQ. The investigation took place at two centers situated in the cities Aalborg and Copenhagen. The aim of DanThyr was to investigate iodine intake, goitre prevalence and the prevalence of thyroid abnormalities in two regions in Denmark as a part of the monitoring of an iodine forti®cation program in Denmark. In this paper the FFQ was evaluated in three ways in subgroups of the participants in DanThyr: (1) by comparing the iodine intake calculated from the FFQ with the iodine intake calculated from diet records; (2) by comparing the iodine intake calculated from the FFQ with the iodine excretion in 24 h urine samples; and (3) by comparing the intake of ®sh from the FFQ with the intake of ®sh from a 3 month record of ®sh intake.
Food frequency questionnaire
The FFQ was given to all the participants when they arrived at the center to ®ll in while waiting for a thyroid ultrasound examination and interview. The FFQ included 53 different iodine-rich food items and could be completed in about 15 min. A short instruction was given on the ®rst page. It contained 13 questions about ®sh in an open sandwich, 12 questions about ®sh for dinner, 16 questions about beverages and 12 questions about other iodine-rich foods like cheese and eggs. Besides the questions about speci®c ®sh, two cross-check questions were given: (1) how often the participant had any kind of ®sh in an open sandwich; and (2) how often the participant had any kind of ®sh for dinner. For most foods 10 different categories were given from never or seldom to four times or more a day. However, the highest category for beverages was seven or more a day, and ®sh for dinner only had seven categories, the highest being ®ve or more a week. For most foods a question on portion size was included. Portion sizes were estimated either by selecting a photo from four options of portion sizes (®sh, cheese) or by asking how often one glass, bottle, cup etc was consumed assuming a standard size for these items (beverages). The four different portion sizes used in the color photographs were determined on the basis of knowledge about ®sh portion consumption Haraldsdottir et al, 1996) .
Iodine contribution from each food was calculated on the basis of frequency of consumption, portion size and iodine content of the speci®c food (Saxholt, 1996) and given in mg iodine per day. Iodine content in food stated in the Danish Food Database (Saxholt, 1996) was used except for milk, water, wine and other beverages where newer ®gures were used (Rasmussen et al, 2000) . The iodine content in water from Aalborg and Copenhagen, respectively, was used. The iodine contribution from each food was summed. Despite visual checks of the questionnaires, missing values occurred. If a portion size was missing, a mean portion size was used. Iodine intake from ®sh in an open sandwich was only calculated for an individual if three or less of the 13 frequency questions were missing. Likewise, iodine intake from ®sh was calculated if three or less of the 12 frequency questions were missing, iodine intake from beverages was calculated if four or less of the 16 frequency questions were missing and iodine intake from other foods was calculated if three or less of the 12 frequency questions were missing. The iodine intake was only calculated for an individual if the iodine intake from all four groups was calculated. Missing values, if used in the calculations, were assumed to be zero. The iodine intake was calculated for 4346 (93%) participants.
Diet records
All women in the age groups 25 ± 30 y and 60 ± 65 y who participated in DanThyr during the last 10 months of the survey were asked, when it was practically possible (time, availability of scales etc), to carry out dietary records. They were asked to weigh and record all food and drink consumed during four consecutive days comprising three week-days and one weekend-day. The participants were given oral and written information of how to carry out the dietary record and a digital scale was supplied. Of the 417 participants who agreed to carry out dietary records, 313 completed useful records, and of these 14 were excluded due to pregnancy. Thirty participants with cut-off values of reported energy intake divided by estimated basal metabolic rate below 1.06 (Goldberg et al, 1991) were excluded due to high probability of under-reporting. Among the remaining 269 participants 254 (94%) completed useful FFQ.
Dietary iodine intake was calculated from dietary records using a computer database based on the Danish Food Database (Dankost 2000, Danish Catering Center, Copenhagen). However, as for the FFQ, more recent ®gures for milk, water, wine and other beverages were used (Rasmussen et al, 2000) .
Three-month record of ®sh intake Eighty participants agreed to tick off when they had meat, ®sh or other items in an open sandwich and meat, poultry, ®sh or other items for dinner in a simple record every day for 3 months. Only data for ®sh intake were used. The record for the ®rst month was given to the participants before they left the investigation and the following record was sent to the participants after 1 and 2 months, respectively. Fourty-two participants completed records for all 3 months. The frequency of intake of ®sh was converted into the same categories as were used in the FFQ. Furthermore, the median intake of ®sh was compared.
Urine collections
All participants who carried out dietary records in the last 6 months of the study were asked to collect one 24 h urine Estimating iodine intake LB Rasmussen et al sample, and 156 agreed. Morning urine the ®rst day was not collected. The morning urine on day 2 was the last sample collected. Urine was stored cold and received at the laboratory within 2 days after collection, volumes were estimated by weight (speci®c gravity 1 gaml) and aliquots of 5 ml were stored at 720 C until analysis. Urine samples were validated for completeness with para-aminobenzoic acid (PABA). Eighty milligrams of PABA were taken orally three times Ð at 08:00, 12:00 and 18:00 Ð and urine samples with a PABA content below an earlier established cut-off point of 187 mg were rejected (Jakobsen et al, 1997) . Twenty-eight of the 24 h urine samples were rejected due to incomplete collection, which left 128 participants for whom the iodine content in urine was measured. Among these, 122 completed useful FFQ. Nitrogen was measured in complete 24 h urine samples to further validate the quality of the dietary records. Nitrogen excretion in urine was converted to protein excretion by multiplying the ®gure for nitrogen excretion by 6.25 after adding 2 g of nitrogen from extrarenal losses. Mean protein excretion (78.9 g) did not differ from mean protein intake (75.6 g) calculated from dietary records, indicating no systematic under-reporting in these participants.
Assays. Iodine in urine was measured in duplicate by the CeaAs method after alkaline ashing (Wilson & van Zyl, 1967) as described previously (Laurberg, 1987) . The recovery of 127 I (corresponding to 32 mgal) when added to 15 urine samples with a median iodine content of 35 mgal (range 15 ± 80) was 95.9 AE 2.4% ( AE s.e.m.). Recovery was not corrected for. Serial dilutions of 15 urine samples containing 15 ± 80 mgal iodine gave curves parallel to the standard curve. When a urine sample measured as containing 93.9 mgal iodine was measured in triplicate in 18 assays, the intra-and interassay coef®cients of variation for single determinations were 2.1% and 2.7%, respectively. The lowest standard above the zero blank contained 10 mgal iodine. In the setup used the analytical sensitivity varied between 2 and 3 mgal. The standard was prepared from dried KI for analysis (Merck, Darmstad, Germany) .
Urine samples were analyzed for PABA by HPLC as described by Jakobsen et al (1997) . Nitrogen in urine was analysed by the Kjeldahl method (Tecator, Perstorp Analytical, Bristol, UK).
Statistics
Results are given as median with 25 and 75 percentiles in parentheses. The Wilcoxon signed ranks test was used to compare iodine intake with iodine excretion and ®sh intake from the FFQ with the 3-month record. P values below 0.05 were considered signi®cant. Spearman rank correlation coef®cients were used to compare the methods to measure iodine intake. Statistical analyses were performed with the Statistical Package for Social Sciences (SPSS version 7.5.2, Chicago, IL, USA).
Results
Comparison between iodine intake determined by the food frequency questionnaire and by dietary record Median iodine intake determined from the FFQ and from the 4-day diet record is shown in Table 1 . Results are given for Copenhagen and Aalborg separately, because of an expected difference in iodine intake between the two cities. The iodine intake was similar with both methods (P 0.445), although the intake from the FFQ tended to be higher than the intake from the dietary record in Aalborg (P 0.054) but not in Copenhagen (P 0.470). There was a signi®cant correlation between the two measures of iodine intake (Spearman rho 0.52 for all, 0.48 in Copenhagen and 0.47 in Aalborg, P`0.001 for all three correlations).
A Bland ± Altman plot (Bland & Altman, 1986 ) showed a larger difference between the two methods with increasing iodine intake, but neither with low nor with high iodine intakes were there any systematic deviations between the two methods.
The iodine intake was classi®ed into quintiles in order to evaluate the agreement between categorization of subjects on the basis of the FFQ and the diet record. About 33% were classi®ed in the same quintile in the FFQ and diet record and 74% in either the same quintile or one quintile lower or higher. Less than 2% were classi®ed in the highest quintile with one method and the lowest quintile with the other method.
Comparison between iodine intake and iodine excretion Iodine intake determined by the FFQ and iodine excretion measured in 24 h urine samples is shown in Table 2 . Iodine excretion was signi®cantly lower than iodine intake both when iodine intake from dietary supplements was not allowed for (P 0.036) and when iodine intake from dietary supplements was added (P`0.001). The correlation between iodine intake from diet plus supplements and iodine excretion was 0.66 for all, 0.69 for participants in Copenhagen and 0.64 in Aalborg (P`0.001 for all three correlations). In subjects not taking any dietary Estimating iodine intake LB Rasmussen et al supplements containing iodine the iodine intake tended to be higher than the iodine excretion (P 0.049). The correlation between iodine intake and iodine excretion in this subgroup was 0.42 (P`0.001).
Comparison between the intake of ®sh registered by a FFQ and by a 3 month record Results of the comparison of the two ways to register the frequency of the intake of ®sh are shown in Tables 3 and 4 . P 0.049 compared with iodine excretion in subjects not taking dietary supplements containing iodine.
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The cross-check questions in the FFQ (ie the question about how often they had any kind of ®sh) underestimated the intake both for ®sh in an open sandwich and ®sh for dinner. In contrast, the intake of a speci®c ®sh for dinner tended to be overestimated by the FFQ, although the overestimation was in general only by one category. The frequency of intake of ®sh in an open sandwich was either under-or overestimated, but as with ®sh for dinner, the under-or overestimation was generally by only one category. Likewise, the median intake of ®sh determined by the crosscheck question was lower when determined by the FFQ than by the 3 month record both for ®sh in an open sandwich (P`0.001) and ®sh for dinner (P 0.03), whereas the intake of some speci®c ®sh was higher when determined by the FFQ than by the 3 month record (Tables  3 and 4 ).
Discussion
In this study a semi-quantitative FFQ to measure iodine intake was evaluated in three ways: by comparison with a 4 day weighed dietary record; by comparison with urinary excretion of iodine; and by comparison with a simple 3 month record of ®sh intake. The level of iodine intake determined from the FFQ and from the dietary record did not differ and a signi®cant correlation between the two measures was found. Published correlation coef®cients between nutrient intakes recorded by a FFQ and by diet record vary considerably, although correlation coef®cients about 0.5 are common (Willett & Lenart, 1998) . The correlation found in this study was of the same magnitude as found in other studies for other nutrients but iodine is usually not measured. Adjustment for energy intake often increases the correlation coef®cients (Willett & Lenart, 1998) . In the present study energy adjustment was not possible because the FFQ did not cover the entire diet and therefore it was not possible to calculate energy intake. The dietary record and the urine collections were carried out in a period different from the period covered by the FFQ, which can result in false low correlation coef®cients.
Due to the high participation demands the group of women who completed dietary records is most likely a selective group and there is a possibility that this group found it easier to complete the FFQ and therefore gave more correct answers than the other participants did. If this was the case, the agreement between the two assessment methods would be overestimated.
It is becoming more common to use objective measures of intake, biomarkers, in validation studies. Iodine excretion is a good measure for iodine intake in a group, but because of the great day-to-day variation, iodine excretion in one 24 h sample is not enough to determine the individual iodine intake (Rasmussen et al, 1999) . Therefore, a high correlation between intake determined by the FFQ and by iodine excretion cannot be expected. However, the measure of iodine excretion is important because it is an objective measure for the level of iodine intake in a group.
It was found that the total iodine intake (diet supplements) determined from the FFQ was signi®cantly higher than the iodine excretion. In epidemiological studies the difference in iodine excretion between users and non-users of iodine supplementation is often lower than the difference in intake between users and non-users (Nùhr et al, 1993; Pedersen et al, 1995) . The reason for this is not clear. To overcome this problem iodine excretion and iodine intake was also compared in participants who did not take any iodine supplementation. When this was done there was a tendency for the FFQ to overestimate the iodine intake.
About 10 mg iodine per day is excreted in the feces (Vought et al, 1963) . However, the FFQ did not cover the whole diet, only the most iodine-rich foods. All other foods contain iodine in small amounts which together are expected to give 5 ± 10 mg iodine per day. This means that the iodine intake determined from the FFQ and the iodine excretion in 24 h urine samples are comparable. In contrast, the iodine intake determined from dietery records, which cover the whole diet, was expected to be slightly higher than the iodine intake determined from the FFQ.
Milk and milk products are the foods contributing most to the iodine intake in Denmark. The iodine content in milk shows a seasonal (and geographical) variation, with the highest content of iodine in late winter and the lowest content in summer. A mean value of iodine in milk samples collected each month during the year would be the preferred ®gure for iodine intake. The ®gures used (26.4 mga100 g in Copenhagen and 12.4 mga100 g in Aalborg) in the present study were the means of samples taken in March, June and October, and they were appreciably higher than the ®gure in the Danish Food Database of 6.5 mga100 g (Saxholt, 1996) . However, this ®gure cannot be used because the iodine content in cattle feed additives has increased since these analyses were made. The uncertainty about the iodine content in milk and uncertainty about the iodine content in other foods can explain the difference between the iodine intake and the iodine excretion.
The comparison with the 3 month record was made to investigate whether the cross-check questions or the questions about the intake of speci®c ®sh gave the most reliable result. When the intakes of the speci®c ®sh were summed, the total intake of ®sh was higher than the intake determined by the cross-check question both for ®sh for dinner and for ®sh in an open sandwich. This is a common ®nding (Calvert et al, 1997; Tjùnneland et al, 1991) . It is usual to use the cross-check questions as the reference and subsequently adjust the intakes determined by the speci®c questions (Calvert et al, 1997) . However, it is not known which kinds of questions give the most correct answer. This study suggests that the cross-check questions do not give a better estimate of total ®sh intake than the speci®c questions. The best estimate of the intake seems to be somewhere between the intake determined by the cross-check question and by the sum of the speci®c questions.
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The FFQ and the 3 month record covered different time periods; the FFQ is retrospective and the 3 month record was completed day-by-day. Hence, a difference in ®sh intake between the two records could indicate a real difference in intake and not simply a misclassi®cation. The 3 month record must be the most reliable, as the participants did not have to remember their usual intake. This part of the study has certain limitations. First, the small number of subjects weakens the strength of the study. Second, we asked questions about only one group of food, ®sh, which is not eaten frequently. Third, many never ate one or more speci®c ®sh, which makes it easier for a participant to be placed in the same category with both methods. Therefore, our results cannot be generalized. Further studies regarding misclassi®cation and use of cross-check questions are needed in order to improve the accuracy of dietary intake measured by FFQs.
In conclusion, the FFQ can be used to determine the intake of iodine-rich foods and to classify subjects into low and high iodine intake groups, but the level of iodine intake tends to be overestimated by the FFQ, probably because of uncertainty about the iodine content in food, especially milk. The FFQ is a useful supplement to the commonly used measure of iodine in casual urine samples which is not a measure for the usual iodine intake in an individual. However, the usefulness of this FFQ is limited in countries where a signi®cant part of the iodine intake comes from iodized food.
